We have improved the agarose gel electrophoresis method reported previously for sizedependent separation of proteins. Good resolution in protein separation was achieved using a novel agarose gel, containing both sodium dodecyl sulfate (SDS) and lithium dodecyl sulfate (LDS). The gel was divided into stacking and separating gels. We determined the optimal conditions for horizontal gel electrophoresis to be a voltage of 100V for the separating gel and 50V for the stacking gel, in an electrophoretic buffer solution of 25mM Tris-190 mM glycine containing 0.03% LDS and 0.02% SDS (pH 8.3), which was also used to make the agarose gel. Separation of proteins in the molecular weight range 14.2-205K and of the proteins in human serum showed good resolution under these conditions. This method should be useful for clinical laboratories because it is simple and requires little bench space.
INTRODUCTION
Some authors have previously reported the separation of proteins according to molecular weight using agarose gels containing sodium dodecyl sulfate (SDS)1-4). Wu and Kusukawa1) developed an agarose gel with a dynamic separation range equivalent to a 4-20% gradient polyacrylamide gel. Sakakibara et al.2) have also reported efficient recovery of proteins from agarose gels. Agarose gel is a polymer of sugar chain extracted from seaweed and forms a double helix structure5-6). Agarose gel has some important advantages: no toxic components are used in its preparation and the transfer efficiency of proteins is higher from agarose gel than from polyacrylamide gel1).
We have previously reported fundamental research into the effectiveness of SDS-agarose gel electrophoresis using the Mupid equipment (Advance Co. Ltd., Tokyo, Japan), an electrophoresis device that is compact and easy to use in the clinical laboratory9). In this study, we have investigated the inclusion of detergents in the electrophoretic buffer to improve the capacity for protein separation from human serum, and have revised our agarose electrophoresis method in the light of these results.
MATERIALS AND METHODS

Reagents
NuSieve 3: 1 (electroendosmosis [EEO]<0.13), SeaPlaque (EEO<0.13), and SeaKem LE (EEO 0.09-0.13) agaroses were from BioWhittaker Molecular Applications (Rockland, ME, USA), and Agaase S (EEO=0.1) was from Wako Pure Chemical Industries (Osaka, Japan). SDS was from Nakarai Chemicals (Tokyo, Japan), and lithium dodecyl sulfate (LDS), 2-amino-2-(hydroxymethyl)-1.3-propanediol dodecyl sulfate (TDS), and sodium cholate were from Wako Pure Chemical Industries. Tris (hydroxymethyl) aminomethane (Tris), glycine, trichloroacetic acid, sulfosalicylic acid, and Quick CBB were from Wako Pure Chemical Industries.
Samples
The 
Procedures
Each type of agarose was prepared at various concentrations (2-7%) using 25mM glycine buffer solution (pH 8.3) including detergent as the separating tray of the Mupid unit (Advance, Co. Ltd.), a commonly used compact horizontal electrophoretic unit, and left for about 10min at room temperature. A strip (1cm wide) was cut from the cathode side of the gel and about 1.5ml of melted gel solution of various concentrations (0.5-1%) was poured into the space to form the stacking gel. The sample comb was positioned immediately, and left for about 10min at room temperature. The comb was then removed carefully, and the gel was wrapped and left for applied to the wells of the agarose gel and allowed to diffuse for 10min. The gel was placed on the platform of the Mupid apparatus. The electrophoretic buffer solution (the same buffer as used in making the gel) was added to a level 1-3mm above the gel surface. The sample proteins were concentrated electrophoretically for 5min at 50V in the stacking gel, then separated for 25min at 100V in the separating gel. After electrophoresis, the proteins in the agarose gels were fixed with a solution (TSA) containing 0.4M trichloroacetic acid and 0.03M sulfosalicylic acid for 15min. The proteins were then stained with Quick CBB overnight and destained with distilled water. Photographs of the agarose gels were taken using Pictro Stat (Fuji Photo Film Co. Ltd., Tokyo, Japan). The relative mobilities of the proteins of the LMW marker and the protein standards were calculated by comparing the migration distance with that of the bromophenol blue (BPB) marker.
RESULTS
Effect of detergent type
The detergents SDS, LDS, TDS, or sodium cholate, were added individually at a concentration of 0.1% to samples of Tris-glycine buffer7-8, as previously reported9). NuSieve 3: 1 gels (4%) were made with each of these buffers9). Samples of LMW marker and healthy human serum were separated electrophoretically in the gels. The electrophoretic patterns in the gels containing SDS or LDS were clearer than in the gels containing other detergents. Moreover, the standard curves for proteins constructed using gels containing SDS and LDS were almost superimposable. Therefore, we decided to use both SDS and LDS while examining the other gel parameters.
Effect of agarose type
All four kinds of agarose, NuSieve 3:1, SeaPlaque, SeaKem LE, and Agarose S, were dissolved to a concentration of 4%9) in Tris-glycine buffer7-8 that included 0.1% LDS. Each agarose gel had a thickness of 1mm, and was used for electrophoresis in Tris-glycine buffer that included 0.1% LDS. Although SeaPlaque produced a wider range of separation of the LMW marker proteins than the other agaroses ( Fig. 1-b) , the electrophoretic pattern was broad and unclear ( Fig. 1-a) . Therefore, we selected Agarose S because the pattern of serum proteins was sharper and the relative mobilities of the LMW markers were more linear than in the patterns produced by the other agaroses.
Effect of LDS concentration
A series of 4% Agarose S gels with final LDS concentrations of 0%, 0.05%, 0.1%, or 0.2% was prepared. At a concentration of 0%, protein separation according to molecular weight did not occur. The separation of protein bands on gels containing 0.1% and 0.2% LDS was broad and unclear. In the gel containing 0.05% LDS, the LMW marker protein bands were sharper than those produced at higher concentrations of LDS. Therefore, we selected 0.05% as the optimal LDS concentration (Fig. 2-1 ).
Final total concentration
of LDS and SDS We tested LDS and SDS individually, as mentioned above and reported previously9), and determined the optimal concentrations to be 0.05% LDS and 0.1% SDS. We mixed LDS and SDS in a 1:1 ratio, and then examined the appropriate final concentration of the mixture of LDS and SDS. At a final combined LDS and SDS concentration of 0.05%, the LMW marker protein bands were sharper, and the linearity of the standard curve was better than that produced with a combined concentration of 0.1%. Therefore, we selected 0.05% as the optimal final combined concentration of LDS and SDS ( Fig. 2-2) .
Effect of the ratio of LDS to SDS
We investigated the appropriate ratio of LDS to SDS when the detergents were both added to the buffer. Gels and electrophoretic buffers with ratios of LDS to SDS of 1:4, 2:3, 3:2, and 4:1 were prepared (the final combined concentration of LDS and SDS was 0.05%, as described above). Identical gel conditions and electrophoretic buffers were used. At LDS:SDS=1:4 and LDS:SDS=2:3, separation of the lower molecular weight bands of the LMW markers was relatively poor. At LDS:SDS=3:2 and LDS:SDS=4:1, the lower molecular weight bands were more clearly separated, and, in particular, the lowest molecular weight band of the serum proteins (about 30K) was sharper at LDS:SDS=3:2 than at LDS:SDS=4:1.
For this reason, we selected 3:2 as the optimal LDS:SDS ratio (Fig. 2-3 ).
Effect of separating-gel concentration We compared gel concentrations of 2%, 3%, 4%, 5%, 6%, and 7% using Agarose S for the separating gel. Clearly separated bands of the LMW markers were achieved at gel concentrations of 6% and 7%, but these gels were difficult to make because of their excessive viscosity. Protein separation on 5% agarose gels was sharper than at lower concentrations. Consequently, we defined 5% Agarose S as the optimal separating-gel concentration (Fig. 3) .
Effect of stacking-gel length
We prepared stacking gels 5mm, 10mm, and 15mm in length, measured from the wells. We used 5% Agarose S for the separating gel and 1% Agarose S for the stacking gel. Electrophoresis was performed at 50V in the stacking gel and 100V in the separating gel. The gel of length 5mm produced better separation than 10-mm and 15-mm gels.
Effect of agarose concentration in the stacking gel Stacking gels were prepared of 1%, 0.8%, and 0.5% Agarose S. We used 5% Agarose S as the separating gel and performed electrophoresis at 50V in the stacking gel and 100V in the separating gel. At a concentration of 0.5%, the number of protein bands retained in the gel was reduced. With a 0.8% stacking gel, the lowest molecular weight band of the serum proteins (about 30K) could not be confidently identified. Therefore, we chose a stacking gel of 1% agarose for separation.
Effect of voltage on electrophoresis
Two voltage options were studied. One involved electrophoresis at 100V in both the stacking and separating gels, and the other used 50V in the stacking gel and 100V in the separating gel. The latter modality produced a sharper distribution of the protein bands than the former. Therefore, we opted to perform electrophoresis at 50V in the stacking gel followed by 100V in the separating gel.
Separation of some protein standards with and without a stacking gel
We determined that the optimal conditions for LDS, SDS-agarose gel electrophoresis were protein stacking at 50V in a 1% Agarose S stacking gel, then separation at 100V in a 5% Agarose S separating gel in 25mM Tris-190 mM glycine buffer containing 0.03% LDS and 0.02% SDS (pH 8.3). Using this system, we investigated whether the protein bands were separated according to molecular weight under these conditions (Fig. 4-a-2) . We used as protein standards b2-m, HSA, TF, and IgG. The values for each protein calculated from the standard curves under these conditions, with a stacking gel, were 14.2, 66, 82, and 125kDa, respectively, and without a stacking were 14.2, 70, 82, 130kDa, respectively, confirming that these protein standards were separated according to molecular weight (Fig. 4-a) . The standard curves for wide-range markers are shown in Fig. 4-b . Under these conditions, the inclusion of a stacking gel allowed us to resolve many more protein bands from healthy human serum than were resolved without a stacking gel. The reference values and our measured values for each protein calculated from the standard curves are shown in suggested that LDS is the most efficient solubilizing agent with which to dissolve the cell envelope proteins from Haemophilus influenzae. Furthermore, the denaturation ability of LDS is greater than that of SDS13)
One of the improvements in our method is the combination of detergents LDS and SDS. We particularly note that a low combined concentration (0.05%) resulted in good resolution of the proteins separated from human serum.
We believe that this effect arises from the interactions of the cations14) such as sodium and lithium, and agarose, but the mechanism has not yet been clarified.
Dividing the gel into two regions, the stacking and separating gels, also improved the resolution of this technique.
In this experiment, we used the same buffer to construct the gel and to perform the electrophoresis. Therefore, we suggest that sample concentration was achieved predominantly by a physical force between the stacking and separating gels. 
